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DATA ON TEE DESIGN OF PLYWOOD FOR AIRCRAFT.

By .4wrN EIMENDORF.

ForestPro&cts Laboratory,

PURPOSE OF THE STUDY.

This report makes available data which will aid the designer in determining the plywood
that is best adapted to various aircraft parts. lt gives the residts of investigations made by
the Forest Products Laboratory of the United States Forest Service at Md.ison, N%., for the
Army aRd Navy Departments, and is one of a series of reports on the use of wood in aircraft
prepared by fihe Forest Products Laboratory for publication by the National Advisory Com-
mittee for Aeronautics.

The object of the study wzs to deta.mine, through comprehensive tests, the mechanical
and physical properties of plywood and how these properties vary with the density, number,
thickness, arrangement of the phs and direction of grain of &he plies. W%iIe the data were
sought primar~y and immediately with a view to obtaining information needed by aircraft
designers, the resuhs have a broader &4d of application.

USE OF PLYWOOD IN MRPLAIWS.

PIywood is being used extensively in airplanes for fuselage sides, bulkheads, engine bear-
ers, wing rib webs, gusset and thrust plates, flooring, diaphragms, and at times for partially
covering wings, in particular at the leading edges. In some machines stabilizer, elevator, and
rudder surfaces are co~ered with thin plywood. Its use as a substitute for linen in covering
wings has, how-ever, not yet found favor, chiefly on account of the excess weight over Iinen.

From the standpoin~ of general engineering design the selection of mmeer species and
thickness introduces elements quite distinct from those involved in the desi=m of an ordinary
structural member of wood. More variables are involved, for in addition to the properties of
the various species there are added unique properties due to number of plies and thickmss and
direction of the grain of the various plies. For the designer of aircraft certain further and
special considerations enter into the problem. In the fit pltice, strength with a minimum
weight is required, while in the design of most stationary structural members weight is a minor
consideration. Again, the forces acting on the different parts of an airplane are usuaHy very
complex, and both their nm=titude and direction can in many cases only be approximated.
The position and ma=titude of the loads for which stationary structural members must be
desi=med are, on the other hand, usually known with greater precision.

The compkxity of the forces acting on airplane parts usually makes the desiemer’s problem
one of determining relatively superior constructions rather than of ~xaet computation of
required dimensions. Nevertheless, the actual size of some pIywood parts of an airplane may
be worked out with a reasonable degree of accuracy by using the strength data included in
this bulletin. An example of comparatively exact desi=~ is afforded in the, construction of
large trussed wing ribs in which it is desired to know the dimensions of the tension members
of wood. The table of tensile strength of veneer VW serve for this purpose, although the details
of fastening also require consideration.
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DEFINITION OF PLYWOOD. ‘

Much confusion has been caused by the indiscriminate use of the terms “veneer” and
“plywood.” The former term shouki be restricted to the relatively thin sheets of wood cut
with special veneer machinery from the surface of a log revolving in a massive lathe or by slicing
or sawing from the face of a log, known, respectively, as rotary, sliced, and sawed veneer, “Ply-
wood,” on the other hand, refers to the combination of several plies or sheets of vedeer glued
together, usualIy so that the grain of any one pIy is at right angles to the grain of the adjacent
ply or plies.

PROPERTIES OF ORDINARY WOOD COMPARED WITH PLYWOOD.

Wood, as is weIl known, is a nonhomogeneous material, with widely different properties
in the various directions relative to the grain. This difference must be recognized in all wood
construction, and the size and form of parts and placement of wood should be such as to utilize
to the best advantage the ditierence in properties along and across the grain. It is the strength
of the fibers in the direction of the grain that gives -wood its relatively high moduIus of rupture
and tensile and compressive strength parallel to the grain. Were it a homogeneous material
such as cast iron, having the same strength properties in all directions that it has parallel to
the grain, it wouId be Umxcelled for all structural p:its where strength -with SRM1lweight is
desired, .4s it is, the tensile strength of wood may be 20 times as high paralkl to the grain as
perpendicular to the grain, and its modulus of elasticity from 15 to 20 times as high. In the
case of shear the strength is reversed, the shearing strength perpendicular to the grain being
much greater than par aIlel to the grain. The low paralIeI-tw-the-grain shearing strength
makes the utilization of the tensile strength of wood along the grain difficult, since failure
wiH usually occur through shear at the fastening before the maximum tensile streng~h of the
member is reached.

The large shrinkage of wood across the grain with changing moisture content may intro-
duce distortions in a board that decrease its uses where a broad, flat surface is desired. The
shrinkage from the green to the oven-dry condition across the grain for a flaksawed board is
about 8 per cent and for quarter-sawed board about 4* per cent, while the shrinkage parallel
to the grain is practically negligible for most species.

It is not always possibIe to proportion a solid plank so as to develop the necessary strength
in every direction and at the same time utilize the f nll strength of the wood in all directions
of the grain. In such cases it is the purpose of plywood to meefi this deficiency by cross banding,
which resdts in a redistribution of the material.

In building up ply-wood a step is made in obtaining equality of properties in two directions,
parallel and perpendicular to the edge of a board. The greater the number of plies used for
a given panel thickness, the more nearly homogeneous in properties is the finished panel. Thus,
in an airplane engine mounting made of 15-ply veneer, the mechanical properties of the panel
paraHel and perpendicular to the grain. of the faces are almost the same. Broadly speaking,
what is gained in one direction is lost in the other. For a very large number of plies we may
assume that the tensile strength in the two directions is the same and that it is equal to the
average of ihe paraHel-to-the-grain and perpendicular-to-the-grain values of an ordinary bo ard.
This is not always exactly true, since the maximum stress of the plies in both directions may
not be reached at the same time. lkiternal stresses ‘due to change of moisture content may
also tend to unbalance the strength ratio.

SCOPE AND METHOD OF TESTS.

The results and conclusions which foIlow are based on tests of about 34 species, In
general, 8 thicknesses of plywood were tested, as follows: 3/30, 3/24, 3[20, 3/16, 3/12, 3/10,
3/8, and 3/6 inch.

Most of the tests were on paneIs composed of three plies of equal thickness of the same
species, with the grain of successive plies at right angles. In addition tests were made on ply-
wood of various numbers of plies; having various ratios between the core and the total panel
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thiclmess; having the plies glued at angles other than 90” with each othw; a~d on plywood
in which the core and the faces were not of the same species.

Bending kwi~.-.h a rule bending tests m-ere made on specimens measuring 5 by 12 inches,
although some of th6 thinner specimens were cut to a length of 6 inches. In half of the tests
the grain of the-faces was parallel to the direction of application of the load, and in half per-
pendicular.

Figure 1 shows the method of conducting the column-bending test. The ends of the test piece
were rounded to approximately a semicircle. Deflections were measured at the center of the
specimen as shown in the photograph. The product of the load and the corresponding deflection
was recorded as the bending moment. For some of the thicker specimens it was not satisfactory
to test in column bending on account of separation of the plies. These spec$nens were tested
as a beam in ordinary cross bending.

The formuk for computing the column-bending modulus is given at end of reportt. The
results of the tests are included in Table 1.

In most cases in column bending the direct compressi~e stress at the maximum moment
is o ~Y a sm~ fraction of the bending or flexural stress, so that the column-bendiing moddus

may be used with little error in aH computations in a capacity similar to the bending strength
or modulus of rupture of plain timber tested in cross bending. Like the modulus of rupture,
it is not an actual stress but a measure of the strength in bending.

Tension. twfs.-Tests -were made to determine the tensile strength of plywood both parallel
and perpendicular to the grain of the faces. Specimens 3 by 12 inches in size were used, the
center portion being trimmed down to approximately an meh wide. The-y were held by
ordinary flat grips, and tested in direct tension to rupture.

Plcywood tension members, while not very common, are in use and the data maybe applied
in computations. The tensfie strength is the average stress over the section at failure.

The results of the tensile tests are included in Table 1 and 4.
Splitting fest.—For splitting tests square pieces 3~ by 3$ inches were used. Upon the

center of the test piece a conicaI spear (show in fig. 2) was fist dropped from a height of
one-haLf inch. The spear was S inches long and 2 inches in diameter at the upper end and
mith the rod weighed 11.22 pounds. Carrying the test piece upon its point it was then dropped
from increasing heights with an i~crement of one-half inch until failure due to splitting occurred.
The resistance of the material to spLiMing is represented by its “ splitti~~ enerb~; ” the formula
for its computation is given near end of report.

The splitting energy is a measure of resistance to splitting at the screw or bolt fastenings
of veneer panels. It is merely a factor for comparing different paneIs, and as a numerical
quantity can not be used in design.

A comparison of the relative resistance to splitting of various three-ply panels will be
found in Table 1.

Warping kwk.-Warping may consist of cupping or tiwisbing, or a combination of these
two achions. Pieces of plywood 12 inches square were used for warping tests.

To determine cupping, a straightedge was placed over a median line drawn on the specimen
perpendicular to the grain of the faces (see fig. 3], and the recession of the point deflected
farthest from the straightedge was measured. This recession was recorded as the cupping
of the panel.

To determine twisting, the panel was placed upon a fiat surface so that three corners
were resting upon the surface. The dist ante from the surface to the fourth corner was measured
M show-n in figure 4 and recorded as the “twist in 12 inches.”

Information of the kind obtained in this test is of value in selecting a panel for structural
parts -where flat, undistorted surfaces are import ant. The results indicate roughly the com-
parative resistance to external conditions that tend to warp or distort a panel. The smaller
the cupping and kvisbing under test, the more desirable the paneI for flat work.
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Tesis to determine the modulus oj elasticity of plywoid.—h~oduli of elasticity were determined
either from the column-bending test or from the cross-bending tests on plywood. Formidas
used in the computations are given near end of report.

Nwinkage tests.-A limited number of shrinkage measmements were made upon 4+-irich
squares of ply-wood glued -with water-resistant glue after they had been soaked in water for
10 days and then brought to oven-dry condition. Changes in thickness and dimensions parallel
and perpendicular to the face grain were measured,

WARPING OF PLYWOOD.

Symmetrical constructiion.-On account of Lhe great-difference in shrinkage of wood in the
direction parallel to the grain and perpendicular to it, a change in moist~e content of plywood
will inevitably either intro duce or reIieve internal stresses. Suppose, for example, the moisture
content of a three-ply construction having the grain of the core at right angles to the grain
of the faces is lowered. The core will tend to shrink a great deal more than the faces in the
direction of the grain of the faces. This subjects the faces to compression stresses and the
core to tensile stresses. If the faces are of exactly the same thickness and of like density the
stresses are symmetrically distributed and no cupping should ensue.

On the other hand, suppose the grain of one face runs in the same direction as the core.
It is obvious that the internal stresses are no longer symmetrically distributed, inasmuch as
the compressive stress in one face has been removed. This face now shrinks a great deal more
than the other face in the direction of the grain of the latter. The result is cupping.

The effect of drying on a three-pIy unsymmetrical construction in -which the grain of two
adj scent plies was parallel is shown in (6), figure 5. The panel has curled up into a cylindrical
surface with the parallel plies on the inner side. By adding another ply at-right angles to the

core we see that symmetry could again be established and that while we would have a four-
ply panel it virtually gives a three-ply construction with a core of double the face thickness
and woulc] be regarded as such.

The necessity for exercising care in smding the faces of a panel is obvious, inasmuch as
with clifferent thicknesses OB the faces a changing of moisture cent ent would introduce unequal
forces. .

In order to obtain symmetry it is also necessary that both faces or symmetrical plies be
of the same species.

Summarizing briefly, a veener panel to retain its form with changes of moisture must be
symmetrically constructed. Symmetry is obtained by using an odd number of pIies. The
plies shoulcI be so arranged that for any ply of a particular thickness there is a parallel pIy
of the same thickness and of the same species on the opposite side of the core and equally
remo-red from the cure.

Direction oj the grain of the pl{es.—Im careless construction the successive plies may not
always be glued with the grain either exactly parallel or exactly at right angIes to the core.
An extreme case of this kind is shown in (a), figure 5, in which the plies were glued so that
the grain of each f ace of the paneI was at 450 with the grain of the core and the two faces were
at 90° with respect to each other. A construction involving angles other than O and 90°
introduces twisting. Tests have shown that’ cleviations as small as 5° from the standard 90°
construction may introduce considerable twisting. Figure 6 shows examples of faulty con-
structions of plywood, including several panels in which the grain of one face is not paralleI
to that of the other face nor &t right angles to the grain of the core.

Moisture control.—Since a change in moisture content may introduce cupping and twisting
if the panel is not carefuIly constructed, the moisture content of the veneer should be so con-
trolled as to give as far as practicable plies of the same moisture content before gluing and
finished panels shouId have about the same moishme content when they leave the conditioning
room as they wilI average when in use. For service ia the open air, a moisture content of frern
10 to 15 per cent in the finished panels wilI usually give satisfactory results.
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FIG. 5.—TWISTING AND CLf PP[NG OF PLYWOOD.

[u) Twisting resulting from a construction with grain of fs.ces at 45” witn grz?in of core. (b) Cupping which results from
unsymmetrical construction in plywood.

FIG. 6.—FAULTY PLYWOOD CONSTRUCTION CAUSING WARPING.

Panel No. 1.—Two-PIY, +S mapfe veneer, grain of one PIY a? We tO gr2in of other.
Panel No. ‘2.-Four-ply, T$ maple veneer, grain of successive plies ?.t 90”.
Panel No. 3.—Three-ply, & mzple veneer on one face and & basswood core, and & bxsswood on other face, grain or successive

plleszt xl”.
Pznel No. 4.–Three-pry, & red-gum veneer, angle between gr2in of faces 10”, between core and faces 85”.
Panel No. 5.—Three-p[y, & red-gum veneer, angle between grzin of faces X3”, between core and faces W“.
Panel No. 6. —Three-p~y, & red-gum veneer, angle between grain of faces 30°, be3veen core and faces 75”.
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Relation of density of venew to warping.-Numerous tests kwwe shown th~t the romping of
plywood paneIs when subjected to vmying moisture contents is least for the panels made of
low density veneer, and that in generaI warp@D increases with increasing density.

Relation. Wween warping and the ratio of the core of three-ply wood to the total plywood thick
ne.ss.-A high ratio of core to totzd plywood thickness contributes to maird a.ining a flat, un-
warped surface. In general, a ratio of from 0.5 to 0.7 for three-p~y Construction will give satis-
factory results where flatDess is an important consideration. Of three-ply panels having cores
of the same weight the paneIs having cores of low density will, in genertd, show less warping
~han those having high density.

SKRINKAGE OF PLYWOOD.

The shrinkage of plywood will vary with the species, the ratio of ply thickness, the number
of plies, a~d the combination of species. The average shrinkage obtained from several hundred
tests on a variety of combinations of species and thicknesses in bringing three-ply wood from
the soaked to ~he oven-dry condition was about 0.45 per cent parallel to the,f~ce grain and 0.67
per cent perpendicular to the face grain, -with the ranges of from 0.2 to 1 per cent and 0.3 to
1.2 per cent, respectively. Individual cases of some species may give wider ranges than these.
The species included in the tests were mahogany, birch, popIar, basswood, red gum, chestnut,
cotton gum, elm, sugar maple, bl~ck walnut, Spanish cedar, and spruce. From this it is seen
that the shrinkage of plywoo< is only about one-tenth as great as that across the grain of an
ordinary board.

EFFECT OF INCREASING THE NUMBER OF PLIES.

—

The question frequently arises, Should three plies or more than three be used for a panel
of a given thickness? The particular use to which the panel is to be put must answer this
question. ~ommereial considerations are a factor also. ‘

.A.nincrease in the number of plies results in a decrease in the tmde and bending strength
parallel to the grain of the faces and an increase in the corresponding strength at. right angles
to the grain of the faces.

If the same bending or tensile stren@h is desired in two directions, para~el and perpen-
dictiar to the grain of the faces} the greater the number of plies the more nea.rIy the desired
result is obtained. Ii must be borne in mind, however, that a plywood with a large number
of plies, whiIe stronger at right angles to the grain of the faces, can not be so strong parallel
to the grain of the faces as three-ply -wood, and hence a three-ply paneI is preferable where
greater strength is desired in one direction than in the other.

Ti%ere great resistance to splitting is desired, as in ply-wood that is fastened along the edges
with screws and bolts and is subject to forces through the fastenings, a large number of plies
affords a better fastening.

It is common experience that a glued joint is more likeIy to fail when thick laminations
we glued -with the grain crossed than when thin laminations are glued. The same weakness
exists in plywood when thick plies are glued together. When pl-yvrood is subject to moisture

changes, stresses in the glued joint due to shrinkage are greater for the thick plies thah for the
thin plies. Hence in plywood constructed with many thin plies the glued joints will not be as
likely to fail as in pIywood constructed with a smaller number of thick pLies.

RATIO OF CORE TO TOTAL PLYWOOD THICKNESS.

M fit thought it may seem that the proper selection of the ratio of core to total plywood
thickness in three-ply construction may enable the designer to get the same strength in both
directions, as is possible with many ply panels. While this is partially true, it is not true -

~hat the same ratio -iviJ1serve for both tension and bending. Taking birch, for example, a
mtio of core to total plywood thickness of 5 to 10 gives the same strength in tension in both
directions, but a ratio of about 7 to 10 gives the same strength in bending in both directions.
For either ratio the pIywood is not nearly so resistant to splitting as ply-wood of a greater
number of plies totaling the same thickness.
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VENEER SPECIES FOR CORES.

Where high column strength for minimum -iv.eight.and a flat panel are desired, fulI advan-
t~ge of a strongSpeciessu& as birchin the faces is best obkained by using a thick core of a

species such as basswood or yelIow popIar rather than a thinner core of the same weight but of a
species of greater density.

The greater separation of the f aces gives a marked, increase in the re.sisttmce to forces that
tend to bend the panel. Since the maximum load a column can carry -varies as the cube of
the thickness, the superiority of a low-density core panel over a high-density core panel of the
same weight when the Ioad is applied parallel to the grain is obvious. A core of the same
weight but only half the specific gravity of another core wiII be twice as thick, and the panel
faces will consequently be spaced twice as far apart.

The foIIowing low-density species are satisfactory for core stock in plywood: Basswood,
fir (grand, noble, and silver), redwood, Spanish cedar, white pine, spruce (red, white, or Sitka),
yeIIow poplar, western hemlock, sugar pine, and cotton gum.

, VENEER SPECIES FOR FACES.

Face plies serve Merent functions in -various parts of an airplane. Any species in any
one of the three groups shown under ‘(uses and properties of various species” may be used for
face stock. In order to obtain the same strength as species in the first group it is necessary
to use thicker veneer for other species.

Thickness factor .K,,-By multiplying the thickness of a piece of birch veneer by Lhe con-
stant K. (TabIe 2) for any particular species a veneer of approximately the same bending
streilgth as birch is obtained. If it is desired to substitute one species for another, therefore,
this sirength ratio should be considered. The values of K, are obtained from data on the
strength of three-ply wood in which each ply is of the same thickness and species, and its appli-
cation to cases widely diflerent from this will involve- some error. h: is deri~ed as follows:

The strength in bending is tieasured by the bendiing moment a piece of plywood can sus-
tain. If we denote the maximum bending moment of a strip of three-ply wood 1 inch wide
and of thickness C71,by Ml and the stress at failure by JSl (column-bending moduIus), then

~1 _ !S, d,’_— .1 6

Similarly the maximum moment of another strip of a difierent-species will be denoted by
M,, its stress at failure S’,, and thickness d,. By a proper selection of thickness d, the second

strip may be made to withstand the same maximum bending moment, so that .Mz= ~fl or
82a22=Sld,z.

Then the desired thickness

Taking cl, as the unit thickness of
s’tresses in percentage of birch, we have

or, in generaI,

a birch plywood strip and expressing the maximum

where K$ is the thickness of the plywood whose column-bending modulus corresponds to S,
and whose total bending strength, given by the ‘bending mornent~is the same as that of birch
plywood of thickness unity.

It is necessary to use considerable care in the application of this factor to plywood of
mixed speciesj as the constants do not apply under such conditions.
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Z7ciclness factor KWi—This factor serves to obtain the thickness of a ply of any species
equal in weight to a pIy of yellow birch of unit thickness. It is obtained by chiding the density’
of birch by the density of the species for which the thickness is desired. For yellow poplar,
for example, the thichmess of a ply equal in weight. to a l/16-inch ply of birch is 1.54 x 1/16 =
0.096 inches.

Vses and properties OJ= various spwies.—on the basis of their mechanical properties, the
veneer species commonly used for the face stock of pl.pxood for airplanes may be grouped as
folloll-s :

Group L-Beeeb, birch (sweetor yeIlow), bard maple, hl%c?iwalnut.
Group2.—WMe eIm,’ red gum, wft maple, mahogany(African or true), sycamore.
Group3.—B=swood, Spatiqb cedar, fir (grand, noble, or ~l”er), cot~o~Wrn, ~e~te~ hernlO~LWW Pfie,

Whitepine, yellow pop~ar,redwood, spruce (red, White,or Sitka).

Where a flat panel, high herding strergth, or high c.ohmm strength with minimum -weight
are desired, species of group 3 should be used as face stock. Some of these species, such as spruce,
can not be finished properly without a considerable amount. of sanding, and all but light sancling
is undesirable because it may unbalance the construction. In fuselage bulkheads or other
hidden parts -where finish is secondary, any of the species of group 3 should be satisfactory for
face veneer as welI as for core stock.

Hardness, resistance to abrasion, and strength of fastening increase considerably ~ith
increasing density of wood, so that where any one or all of these factors are of importance the
heatier woods beginning mith group 1 should be used.

M%ere fl.nish is desired species of group 1 or group 2 should be used.
Where the pIywood must be steamed, or soaked and bent into a form in which it is to remain,

species of group I or group 2 should be used.
Ti’here failure of an airplane part is likely to occur from buckling, as in plywood fuselages

in which the shelI carries considerable stress, it is recommended that the plywood be made
entirely of low-density species, such as those in group 3. h’umerous tests on p]-ymoocl columns
have shown that three-ply columns of low-density species, such as are included in group 3,
carry from 2 to 2.5 times the Ioad of three-ply columns of the same weight. of species included J
in group 1. Buckling is a form of column failure, and for that reason greater resistance to
buckling per unit w-eight -x-or.ddbe expected from the use of low-density -reneer.

SIZE, WEXG3T, AND TKICKNTSS OF COMMERCIAL VENEER.

The average length of sawed veneer sheets is about 14 feet, and the maximum 24 feet;
the average length of sliced veneer is about 10 feet, and the maximum 18 feet; rotary-cut veneer
averages about 6 feet, with a maximum of 16 feet. Sawed veneer is seldom cut less than 1/28
nch thick. Sliced -reneer of some species may be cut as thin as 1/100 inch, but, is seldom cut
thicker than 1/16 inch. Rotary-cut ~eneer of some species maybe cut from 1/100 inch to almost
1/2 inch in thickness. Sawed and sliced -reneer sheets are limited in width by the diameter of
the log, whereas rotary cut ~eneer may be any width consistent with easy handling.

Except for the 1/100 inch veneer, alI the thicknesses Iisted in Table 3 are commercial.
Table’3 maybe used in computing the weight of -reneer sheets of any size and thickness, and of
plywood made of any combination of the species listed. .% sample computation is ~iven
near end of report.

JOINTS IN PLYWOOD PAKEL!%

There are three types of joints commonly used for joining ply-wood panels: (a) Riveted
joints, (b) glued joints in individual pliw, and (c) glued joints mten@ though the entire
thickness of plywood. These will be considered in detail.

Riveted joints.—The most satisfactory joints of the ri-reted L=ypeare made with tubular
rivets. Tension tests ha-re shown quit-e conclusivel~ that it is ~ery diflicult to obtain more than

1me density data for bhe domestic species used in eomputfng K. are tkmse @Ten in Fnited States Department of Agriculture Brdletin
556, “MeehanicaJ Properties of IFwds Grorin in the United Hates,” and do not include the w-eightof the glue.

~White dm shouId not be med where a high E&h is desired. However, it has exceptior!al bending qualities.

.—
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50 per cent eflkiency with a single row of rivets. Efficiencies somewhat higher than 50 per cent
may probably be obtained if two or more rows of rivets are used. In such cases the rivets
should be staggered. The size of the rivet seems to have little effec~ upon the strength of the
joint, providing the proper spacing is used. The distance bet~veencenters of rivets should be
about equal to twice the outside diameter of the riveis. It k ob<ious that for such spacing
very many ri~ets are required, and that the labor in making the joint is very great.

Joints in individual plies.—Two pieces of plywood may be fastened together by means
of glued joints in individual plies. Joints in individual plies trke a variety of forms. (See fig.
7.) Strength, ease of manufacture, and efficiency considered, the simple scarf join~ appears
to be the most-desirable of the group. The simpIe butt joint should not be used where strength
is important. The edge joint is satisfactory if carefully made, The slope of the scarf in the
simple scarf joint should be within the range of from 1 in 20 to 1 in 30.

The use of joints in individual plies has an advantage over the other Lypesj in that the joints
in the plies may be staggered, so that a single defective join~ only partially weakens the entire
pa~el. The prepar%tjon of a joint of this type recfuires less time and labor than a riveted joint,
but more than a scarf joint-extending through the entire thickness of the panel.

Joints extending tlrouglt the entire thickmess of plywood.—Two types of scarf joints extending
through the entire plywood thickness are shown in figure 8. These are known as the straight
scarf joint and the Albatross scarf joint. It will be seen that in the Albatross joint-the face
ply of the one panel does not meet the face ply of the secorid panel, or only partially meets it.,

fk7i-

D/uqom/ Bm JOI~T hw-roorh Burr Jo/tit ~d~Q ~0/hT

FIG, 7. Joint win the face veneer of 3-ply panels.
—-

.Lrrows indicate direction of face grain.

In place of being gIued to wood that has the grain rugning in the sarn~ direction, the face ply
of one panel is glued to the core of the other panel, the grain of the core being at right angles
to the grain in the face. Joints in which the grain of the two pieces joined is at right angles
are not so strong as joints in which the direction of grain in the two pieces is the same.

Tests indicate quite conclusively that in tension the straight scarf joint is superior. An
efficiency of over 90 per cent may be obtained with this t-ype of j ointi for a sIope of scarf as low
as 1 in 10. On account of the variations in the effactiveness of the gluing by different manu-
facturers it is recommended that a sIope of scarf greater than this be used. A slope between
I in 20 and I in 30 is recommended.

*
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Severe -weakening of scarf joints is’ often caused by sanding the face pbes at the joint.
Observations on joints thus sanded showed that in some cases more than half of the face ply
was ground away. Inasmuch as the str~gth of a three-pIy panel when bent. parallel to the
direction of the grain of the faces lies almost entirely in the face plies, it is ob~ious that. a reduction
in the thickness of the face pIies VW materially aflect the strength of a panel. Consequently,
it is recommended thafi the scarf joint be lightIy sanded by hand if at all, so as not to decrease
the thickness of the face veneer.

,

$’-’—-’-””’”4
~

STRAIGHT SCARF
1

\\\\\\\\\\\\\

ALLW TR05S Si=RF

Fm. 8. Joints extending through the panel. Slope of scarf= #-

For scarfing plywood a jointer, sanding machine, or hand p~ane is ordinarily used.
F@rre 9 shows the method used at the I?oresh Products Laboratory for pressing glued

joints in plywood. The board abore the pane~ should be relatively massi~e and flat, so as to
distribute the pressure from the screws. Two or three Iayers of bIotting paper furnish sufficient
padding to accommodate irregularities in the surface.

1+-em LTC?Pw , tiess $ct-ew *SS screw

f

v///////////// //’//////////////// ////////’///a
F%d PAwood

FIG. 9. Method of prtssing glued joint.

.
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FORMULAS USED IN COMPUTATION OF STRENGTH DATA.

doikmn-bending modulus.-The term “column-bending modulus” applies to the strew
obtained by adding the direct compression stress, at the maximum moment-to the flexural
stress at- the maximum moment. The folIowing formula applies:

P CM
s ‘2 + w“ “’here

S’= Column-bending modulus.
.4= .krea of cross section of test piece.
P =Load at maximum moment.
M=Maximum bending moment,
b = Width of test piece.
d= Thickness of test piece.

.l[odulus of ru@zme.-The modulus of rupture is the computed stress in the outermost
fibers of the plywood, when tested in -crossbending as a simple beam. The following formulv
applies for center Ioading:

~JfR= 1.5P x L ;here
bd’

MR =ModuIus of rupture.
P =Maximum load at center.
L =Span of test piece.
b =TITidth of test piece.
d = Thickness of test piece.

Tensile strengt7i.-The term “tensile strength” applies to the stress
the load at- rupture by the minimum cross-section area of the specimen,

S=; -where

S= Tensile strength.
F’ =Maxirnum load in tension.
.4= Total cross-sectional area at minimum section,

obtained by dividing

Modulus of elasticity.-The moduli of elasticity of all column-bending and cross-bending
specimens were computed by substitution in ,the foil owing form-d as:

For column bending,

F– ‘~z. TV

For cross bending (center loading),

~= P’L3
‘ 48 fI ‘here

l?= Modulus of elasticity of the plywood,
P = Maximum load sustained in column bendiug.

P’ =Jmy Ioad within the elastic limit of the pIywood.
L = Length of the plywood column or the length of the span in cross bending.

c 1= Moment of inertia of the cross section of the specimen.
~= Defection corresponding to P’.

Splitting energ.y.-The total work done or the Split~ing energy W was computed bi adding
toget,her the distances through which the spear felI, k,, fi*, etc., and multiplying by the weight,

(11,2 pounds) of spear and rod.
M=ll.2 (k, +h, ok,+”””.)
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EXPLANATION OF TABLE 1.

T5e data of this table may be used to compute the thickness of three-pIy wood members of
various species when the forces ac.tir-g on these members are known. The strength in bending
is given by the coI~-bendi~a IUOdd~, Which may be” used in Computations in a capacity

similar to- the modulus of rupture of ordim~- -wood. The direction in which the external
forca act on the member relative to the direction of fihe face groin of the plymood must be
taken into consichmation in using the data. The strength values correspond to the moisture
contents listed.

?lkBm 1.4trmgth o~mrbus 8pecies of three-ply pads.

Ml plies in sng one p!urel were of the same thickness and of the same spe+fes-gmin of suewssire pIies at right s@es. In mrst =.es eigt.t
thicknesses of gdywmd, rsnging from 3,33 inch to 3;6 inch were tested.

Column bending.

Cokmn-bending modulus
Tensile strength.

?&xidus of :
ekk%icity. SpIitting

resistance.
i

%pendiculsr.r
I

1:
To.of ~Lb.%per No. of ~gof
,&& Sq. in. tests. bus,:

! —
:— —
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tnre
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X?nt).

Farallel.1P3rd-
IeI.1

&&
;q. in.
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1,m
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2,150
2,~&J

1, 0s4
1, Om
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1,440
1,220

1,520
1,%0
l>yl
I, M
I, xl

1, m
I, 593
1,152
1,530
1,703

L. 260
1, am
1250
1; 7W
2,110

1, m
1,340
1,310
1,570
1, m

11Km
1,370
1, tUU
1, ~lo

a

Species.
FSmLlel.1 Perpemffcdar, +.rpen

icrrfsr.

&%r
;a.. in.
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1%
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152
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1
To.of, Lks. WI

TL20 1, fio
2(M 2, 62Q
2C0 1,670

2,950
% 3, M

LE I, *W
115 2,6233

1,110
L: 1,870
113 1,8542

202 1,940
65 2, W3

160 1, 9i0
24 1:811
-to q 9m

xl 1,593
182 2,070

1, m
18

.%2 k%’

20 2, m
25 2,310
35 1, %!0

2, 4m
E 3,340

115 2* Oio
195 2,310

70 1, 6i0
2, Om

1: I, 920

105 1,5.39

% k%
110 2,770
33 w

To.Oi
.Wfs.
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Sq. in.

7, 7S0
9; 930
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1.5,393
16, @xl
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8,050

102130
8XS&l
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Sq. in.

6, Isa
6,510
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13,210
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8,460
4,480
T, 2XI
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6, M
&440
~, %0
~, 670
6, w

:,264
t, .350
6,920
q ml
9,220

5,370
10,670
6, 3!N
8, M

m, 193

5>493
6, i35
:,:30
+ (m
7,3$0

$, :~o
a, Wi
yg

2; 210

at test.

mlm
m
lm
2U0

115
115
10

L26
113

203

%
24
35

x!
182
80

119

‘1

3,9401
4,350
$, mu
I,2m :
7>703

3,340 !
5, 9m
2,600
4,240
3, 9W

%
m
lm
195

L15
115

1%
L13

176

lE
24
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182

m
119
m

m~.

35

%

115
195

65
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165

L05
121
163
Ho
33

%
m
%
115
LL5

1%
113

.kh, blaek . . . . . . . . . . . . . . . .
Ash, commercial white . . .
Bs-wmcd............ . . . .

0.49
.tw
.42
-67
.67

9.1
10.2
9.2
.S.6
8.5

13.3
9.1

u. 7
3-8
8.0

S-6
9. ~
8.:

1::

m. 3.

1:;
9.7
8-8

12.7
10.7
11.4

H

9.3
9.5
EL4
5.4
9.4

:;
LL2
9.1
7.3

Beech . . . . . . . . . . . . ..!. . . . . . .
Birch, yelkm’. . . . . . . . . . . . . .

so-
S3
74
S.5
49

Ceds.r, Spankh . . . . . . . . . . . .
Chw-ry$. . . . . . . . . . . . . . . . ..l
chestnut . . . . . . . . . . . . . . . . .
Cottonwocki f. . . . . . . . . . . . .
Cypre.ss, bski . . . . . . . . . . ..-

. al

.55
-43
.46
.45

:
75
6a
5-5

60
m
84
63
35.

DowImtif . . . . . . . . . . . . ..i
Ek, mrk . . ..- . . . . . . . . ..-i
Etm, white . . . . . . . . . . . . . ..~
Fir, true~ . . . . . . . . . . . . . . ..~
Gum7 . . . . . . . . . . . . . . . . . . .. I

.4$3

.62

.52

.40

.54

.59

.54

.54

. ~~

.58

.52

.53

.48
- *7
.6s

-59
.64
- ~2
.42
..53

Gmm, cotton... . . . . ..-. _..
Gum, red . . . . . . . . . . . . . . . ..l
mkkmy . . . . . . . . . . . . . . . .
H@fic&, western... . . . ..!
M~OIia~ . . . . . . . . . . ..-...l

1.,. ,. ...1

,1.,’:,””” “~”
~. ...

‘: ...,.
3fapIe, herd~~. .- . . . . . . ...!

95k, commercial red_ . ...’
Q.* commercial white ...!

#
.—

.,. ,.
‘,. .,..

Redwood- . . . . . . . . . . . . . .../ . ~2
Spruce, Sitka . . . . . . . . . . . . . . Q
Sywnclre... . . . . . . . . . . . . . .
Walnut, bkd. . . . . . . . . . . . :2
Yucca sees . . . . . . . . . . . . . .49

. . . .. . . . . . . .. . ., ...:.,... -,..“ “xws rektive to the direction 0fth2 a pIication of the force.
2, ““” .“ ,, ..,, ... ,

. .. . Y~. :s IsrgeIy on tbe holding strength of g ue.
~.. ,: ..
7 Fr6b;bl~ bI& gum. - EProbably (emrgrcen) msgaofia. ~F%kkFkhayaw. ~ ‘rub’b’y ‘hit’ ‘i
1!Prob3b1y tanguile. K ProbzbIy sffmr m3pIe. u Swm or blwk mapIe.

.NOT&-b some of the speeies listed above the t ?sls are rather iimifed in munbeT. Siaca there is considerable wufation in the strength of wocd,
further tests on additional nmtm-al would be expected to modify the ~aIues appre~iab~y in sOme@.$.$s-
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EXPLANATION OF TABLE 2,

When substituting one species for another in airplane plywood it is clesirabie to know the
thickness of veneer which will give either the same bending strength or the same weight as the
original material, The thickness factors K, and K,,, ~iven in Table 2 will be found useful for
this purpose. For instance, the thickness of basswood veneer required to afford approxi-
mately the same bending strength as one-tenth inch yellow poplar, may be obtained by multi-
plying the thickness of the yellow poplar by the ratio of the thickness factor (K.) of basswood
to that of yellow poplar. The factor Km-may be used in a similar computation to obtain the
thickness of one species required to equal the weight of another.

TABLE 2.—Thichnessjactoi-s jor veneer.

(;i.?ing: (1) l’enew thickness for the same total bending strength as birch (K,); (2) Veneer thickness for the same weight as birch (KW).

,
( D I

1’ 1Specific ri~it
r?of gIue ply -

rood as testet
]ased on oven
ir weight an

r,0 ume at test

0.53
.58
.38
.63
.63

.34

.51

.44

.43

.44

.51

.66
-51
.38
.52 ‘

.52
..49
.54,
.42
.51’

.46

.57

.49

.48

.62

.63

.69

.37

.39
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E .36
.50
.38
.57

. . . . . . . . .

0.49
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.42
.67
.67

.41

.56
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.46

.45

.48
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.40

.54
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.54
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.52
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.59

.64

:2
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.42
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.42

.59
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9.1
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8.0
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9.4
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~;. ::
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9.7
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12.7
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;:;

—
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Iv’
m
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::
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g

65
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57
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::
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57
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69
51
64
58

KJ
71

E
23

f

[

I

I

1.39
1.18
L 44

::%

1.52
1.12
1.72
L 34
1.32

1.29
L 13
1.31
1.32
1.35

1.’43
1.2.5
1.35
1.29
1.16

1.34
1.21
1.32
1.16
1.03

1.30
1.ZQ
L 40
1.25
1.31

1.41
1.19
1.41
1.10
2.0.3

1<”

Thickness
wtor for tho
W& :’c&ht

+

1.%
L w
1.M
I.cm
1. cm

L 35
1.24
1.43
1.47
i.43

1.24
.95

1.24
1.64
1.21

1

1.21
1.29
1.17
i. 50
1.24

1.37
1.10

I:R
L 02

i.w
.91

~. ’77

1:54

i.75
$%

1.10
. . . . . . . . . . . . . .

1Average of the column bcnd~ng modufi parallel and perpendicular to groin compared to birch, based oq tests of 3-ply wood, cacb ply oue-third
of the total panel thickness.

~Probably black cherry.
z Coast type.
4 Probably white fi. ‘
*Probably black wm: ~awotia~–
7: ?s.. .

8,

I; Probabl; sugar or hlaek m-aple.
n VaIueS ~“fd~~e~tie species t~ken from U. S. DepaF~rnen~Of .Agricultme BUIIetin 556, Mechanical P[,,xxtics of Woods Growu in the united

States.
1! Based on test,s not included in BuIletin 556.

-.
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EZPLANAmON OF TABLE 3.

This table gi~es the appro.xirnate weight of inditidmd sheets of veneer in ounces per square
foot, maki~u possible the computation of the -weight of plywood built up of any combination
of thicknesses and veneer species Iisted and of any number of plies. The appro.simate -weights ,
of two common water-resistant plywood glues in ounces per square foot of glued surface are
aIso gi~en.

It shouId be remembered that the weight of wood is quit-e variabIe, and that large dMer-
ences from the figures are to be expected, particularly with smalI quantities of material.

Example: To get the weight of a square foot of 5-ply wood consisting of l-ply of 1/12-
inch basswood, 2 plies of lj16-inch basswood, and 2 plies of l/20-inch yellow birch for facest
at 12 per cent moisture, glued with casein glue.

weight =[(1 x2.64) -t-(2x 1.98) +(2x 2.62)] 1.12+ (4x 0.4) =14.9 ounces.

The e.xampIe above is slightly in error through neglecting the change in volume between
the moisture content at 12 per cent and the moisture listed in the t~ble.

TABLE 3.—Oxen dy wa”ghh of renew of ~eneer of mrious species and thicknesses.

Species.

..—
.Wh, bIack . . . . . . . . . . . . . . . . . .
.\sh, commercial white.. . . . .
Basswwd . . . . . . . . . . . . . . . . . . .
Beech . . . . . . . . . . . . . . . . . . . . . . .
Birch, yellow . . . . . . . . . . . . . . .

.pu~tequt..::...............
.,.

..,.
cOttOnw”&l (i?iminorl) . . . . . . . “

VWss’baId.. . . . . . . . . . . . . . . .
Dougfas fir (We.shin@on and

ore on]. . . . . . . . . . . . . . . . . . . .
fDoue as dr (Montana and

W@ming).. . . . . . . . . . . . . . .
Elm, whitre. . . . . . . . . . . . . . . . .
Gum, bkwk.. . . . . . . . . . . . . . . . .

[fn oum?s per square foot of l-ply; vem+r thickness in inches.]

(>m, mtton . . . . . . . . . . . . . . . . .

Grim, red . . . . . . . . . . . . . . . . . . . . .
Eacktl?my . . . . . . . . . . . . . . . . . . .
HI?mIo?~,western . . . . . . . . . . .
Magnoha (evergreen) . . . . . . . . .
.,, .,. -, ““,’.
!.”
.. ””’””
.ti;pl~sugar . . . . . . . . . . . . . . ...1
(Oak,eommericalrad... . . . . . .

Oak, comumical white . . . . . . .
Pbe, I,3~leaf . . . . . . . . . . . . . . . . .
Pine, sugar . . . . . . . . . . . . . . . . . . .
Pine, shmtleaf.. . . . . . . . . . . . ...\
Pine, westemyellow.. . . . . . . . .

Pine, wMte . . . . . . . . . . . . . . . . . ..~
<oplar, y:~aw . . . . . . . . . . . ..--..
Wuce,slt ka................ j.hmamya.. .: . ... . . . . . . . . . . . ..l
I%m@e ( Ph@pme mahog- :

arky) . . . . . . . . . . . . . . . . . . . . . . ..l
Walrmt, black . . . . . . . . . . . . . . . .

I
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1. 1. 1.49 1.7* 2.0s 2.60
1.21 1.51 1.72 2.QII 2.4~ 3.02

79 .59’ 1.13 1.32! 1.53, 1.9S

4!
1:31 1.6 1.87 2.19! 2.62 3.%3

“31 1- ‘1 l“s’ 2’1! 2“621 3“=
.83 I.@ 1.16! 1.3~ 1.62 2.03
.7i,

d
L 10 1.@ 1.54 L. 92

L 06, 1.33 1.52 1. iii 2. L22 2.65

1

.92j 1.1 1.31 1.:2, I.q 2.29

:g;l ;’ Q q:;

1.LJ 1.331.51 1. J2J265

‘1

I 1’.921.1 1.31 1.53~ 1.83 2.23
1.06 1.33 1.52 1.771 2.L21 2.6,5
L W L 3.5 L %( 1.s0 2.17~ 2.71

, ~! ,35 J ,,m! J ~,n

io2: 1.2s 1.46~ I.TO 2.o~2.55
1.121. 1.61, 1.8712. 2.ii 2.91

.Sti L.fq 1.25 1.46: I.q 2.1s

::3::2 ;:! :x:

::;

-i.~~L.19j 1.37j 1.59 I. 91 2.39
l.~, l.Zi 1.43 1.6/ 2.cxl 2. a
L 29; 1. 61[ 1.s5! 2. 15! 2.5s 3.23

::3::3:3:3:5::2
1.37~ 1.7? l.k~ 2.’M’ 2.75 3-44

.fi .9$.1.10, 1.% 1.54 1.93

‘:j:q ::~ ::j :3 ;:’

.W; l.o~ 1.22; 1.4+ I.iq 2.13

. i9, .99, 1.13’1.32 l.mj 1.53
1.04 1.30 1.49’ i.i3’ 2.CLS. 2.M
,,; ,4; J J ~ ; am’

4

1.12: 1.40, 1.60 1.s7 z.% 2.s1

11-II

—

I
I

1/12 , L/m 1;sI 1,’6 3/16 Ij.i
1

I

4
-

6. W 7. S1 10: 4L
S.O.5[ 9.0.512.06

,5.2S 5.941 7.92
S. 7419.34113.12

II

S.i 9..S4 13.12

%
~, ~. 6.Q9. ~~

1

5.13, 5.7( 7. To
i.m 7.97 10.62
6.1~ 6.37 %16
5.971 6.il~ S.96

—
-—.—

——

6. 10~ 6.S~ 9.16
7.~ i.97j 10.62
7.32; s. 121 10. s2

.- -——

9.43fI0. 61~ M. I
9, 16h0.3~ 13.75

.l

5.1 5. is, 7. n
7.49 S.43, 11.2
5. 6!2 6.40, S. 64

7.49 w! 11.20
7.92 8.9L 11. S7

-.>

.- -.—.

Weight of gIue per square foot of singIe glue line, blood albumen about 0.3 ounce; casein
about 0.4 ounce.

.
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EXPLANATION OF TABI.E 4,

This table lists the. tensile strength of three-ply wood of ~-arious common ~encer species
tiucl the approximate strength of single-ply wood. The s%rength figures, given in pounds pm
square inch, correspond to the moisture contents listed.

Sample computation: To obtain the tensile strength of three-ply wood comisting of t~ro
l/20-inch birch faces and a l/16-inch basswood core.

Tensile strength parallel to face grain = 2 X 1/20x 19,820= 1,982 pounds per inch of width.
Tensile strength perpendicular to face grain= 1 x 1/16 x 10,320 =645 pounds per inch of

width.
This computation neglects the tensile streugth of the ply or plies perpendicular to the

grain, which is comparatively small, and the results are therefore slightly in error.
The mechanical properties of wood are quite–variable, and the strength of individual

pieces may be expected LOdiffer considerably from the a~erage values given. -

TABLE 4,— Tkmile strength of plyu:o&i and veneer.

speck’s, h’umbe
of tests

I Specific gravity based on oven-dry weight and -roInm@ at test.
~ Based on totaI crow-sectional area.
s Based on asmmption that center ply carries na load.
~Probably black cherry.
5 Probably (common) cottonwood.
6 Coast type.
T Probably white fir.
s ProbabIy black gum.
:OP_robably (gyergreen) magnolia.

“es.
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Data based on tests of 3-ply panels with all plies in any one panel same thickness and species.


